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Abstract 
In this research presented modelling, computing and application particularities of the structural aseismic control device 
which response redaction effect an average 61-79% relatively to conventional structure under earthquake excitation. For 
modelling mention device reinforce solid, structural solid, spring and contact finite elements was used. For contact 
element accepted conventional Coulomb frictional model. Governing non linier equation of motion is modelled as multi-
degree of freedom system with discontinuous and continuous models and solved adopting direct integration algorithm 
with coupling of the control system and system identification toolboxes. One of the very important earthquake action 
phenomenon-restoring force mechanism was found out, proved and it was used for modelling a novel no restoring 
mechanism aseismic passive control device. Investigated control device may be economically in the simple or small scale 
structures because have no any restoring mechanism.  
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1. Introduction 
Base isolation (or, seismic isolation) separates upper structure from base (or, from down structure) by 
changing of fix joint with flexible one. Insertion elements which increasing structure flexibility are known as 
isolators. Another word, seismic isolation separates the structure from the harmful motions of the ground by 
providing flexibility and energy dissipation capability through the insertion of the isolated device so called 
isolators between the foundation and the building structure. Equation of motion for the base part contine 
isolator force . The mathematical expressions for isolator force depends on the isolator type. Classification of 
isolator types and appropried isolator force are presended related references by Naeim , Kelly, 1999; Sliding 
base isolation sistems partly was investigated in the veariose references of athors, namly  referensec 
Tachibana, Nishimura, Jangid, Datta, Ikava, Dolce, McCormick, Ahmet, Jalali, Quaglini, Kasimzade at al. 
State –of-the-art review seismic behavior of aseismic passive control as a sliding isolation system presented in 
Jangid and Datta 1995 and in Girish and Planesh, 2012. The base isolation technology can be used both for 
new structural design and seismic retrofit. Idea of creating presented new seismic isolation system is extracted 
from the author previous investigation (Kasimzade 2009a, 2012; Kasimzade at al., 2009b; Kasimzade  at al., 
2011; Kasimzade at al., 2013) in which extracted “Walled Obelisk” monuments structural safety secret: 
Monument involve specific structure part acting as passive aseismic control device. This is the main reason 
monuments’ withstanding against strong earthquake actions during ten century. In this work presented 
modelling, computing, design particularities mention aseismic control device with aim to show possibility it 
application today’s lightweight building as passive aseismic control device. Presented for lightweight 
structures aseismic control device consist from two steps reinforced plates with Horasan mortar between it. 
This two friction interfaces between plates make role of energy absorption. The devise directly is not 
containing restoring mechanism, but as internal force earthquake acceleration undertake this role as presented 
in following section.   
2. Earthquake acceleration function restoring phenomenon in interaction with aseismic passive control 
device 
This assertion that, excitation force must be undertaking the role of the restoring mechanism-in another word 
keep the structure around equilibrium, may be proved only if, applied to the structure excitation force energy-
the total supplied energy must be equal to the sum of the stored energy (Estored) and the dissipated energy 
(Edissipated) and total energy during over time must be equal to zero. In another word the following relation 
must be satisfied: 
  (1a)           
and taking into consideration that 
 (1b) 
                 (2a) 
above relation became as     (2a)  
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Applying integration by part, chosen to be       
                                                          
                (3a)          
and from here we obtain that                                     
          
(3b)           
Where totalm  is the total mass of the structure; ( )gu t , gut  is the earthquake acceleration and duration time 
respectively; u(t) is  control device displacement. As seen from the relation (1a or 2a) for it prove, it is 
necessary to prove that total earthquake acceleration area over excitation time (3a) must be equal to zero (and 
supporting it, relation (3b) and consequently (1a) or (2a) became zero). Real earthquake’s acceleration-time 
relation has many discontinuity points, because relation (3a) was investigated numerically (trapezoidal 
numerical integration) for the various acceleration records from PEER (PEER 2011),with different charac-
teristics such as geographic place, data, time, pick values and integration results are presented in Table 1.  
                       
Table 1. Characteristics of various earthquake records and appropriate earthquake acceleration area during duration time
Earthquake name, 
date, time/ 
Characteristics 
Duzce, 
Turkey, 
12.11. 
1999 
18:57:00 
Erzincan 
Turkey, 
27.12. 1939 
01:57:00 
Kocaeli 
Turkey, 
19.07. 1999 
03:02:00 
Cape
Mendocino 
California USA 
25.04.1992 
11:06:00 
Chichi Taiwan 
Nantou County 
21.09.1999 
01:47:12 
Tabas 
Iran 
16.09.197819:1
8:00 
Acceleration Area   
&
Error in  % 
-0.0035 
0.35 
0.00083 
0.083 
-0.00074 
0.074 
-0.00095 
0.095 
-0.000045 
0.0045 
0.00034 
0.034 
Duration time in sec 25.88 21.3050 29.995 7.495 89.995 8.2050 
PGA*(g)     & 
time in sec 
0.5353 
3.42 
0.5153 
2.885 
-0.3764 
17.915 
0.7536 
0.755 
0.4401 
36.885 
0.8518 
2.76 
*Here, PGD abbreviations are mean pick ground acceleration. 
As seen from the Table 1 target assertion (Eq. (3a) equal to zero) was reached with error rang 0.0045%-
0.35 %, which may be acceptable. This very little deviation from the target assertion (0) may be explicable 
with numerical integration method error. This earthquake action phenomenon presented by the Eq. (1a,2a and 
3a) was found out, proved and was used for mathematic modelling monument’s seismic isolation system by 
the author (Kasimzade 2009a, 2012; Kasimzade at al., 2009b; Kasimzade  at al., 2011; Kasimzade at al., 2013), 
for the first time.    In another word supporting above presented earthquake action phenomenon, it is not 
necessarily needed to restore function in aseismic control device. It may enable design aseismic control device 
simpler and very chipper as far as maximum possible. Modelling of the passive aseismic control device for 
lightweight structures with force to every support no more than 1.65·106N (it approximately equivalent to five 
story buildings) is presented. For mention mass required two step reinforced plates with dimensions and 
reinforcing (with the steel bars ) percents in x, y, z coordinate direction appropriately is: a) first step 
0.9x0.9x0.4m; b) second step 0.7x0.7x0.4m;  reinforcing 1%, 1%, 1%. Special-Horasan mortar between two 
steps with thickness 0.015m is accepted. Parameters of this isolation system’s material are presented in 
Tables2, 3 
( ), ( )gu u t u t dt dv  
0
( )
ug
t
gv u t dt ³


0 0
( ) ( )
u ug g
t t
gu t u t dt uv vdu ³ ³
 

80   Azer A. Kasimzade et al. /  IERI Procedia  7 ( 2014 )  77 – 83 
Table 2. Physical and mechanical parameters ultimate values of concrete and reinforced concrete used in aseismic control device
Table 3. Physical and mechanical parameters ultimate values of Horasan Mortar 
Material 
Module of 
Elasticity 
(N/m2)
Poisson
Ratio
Density (N/m3)
Rang of 
Compressive 
Strength (N/m2)
Tensile
Strength 
(N/m2)
Yield
Stress
(N/m2)
Tang Mode 
(N/m2)
Horasan
Mortar 
3.89·109 0.167 
(13-14)103
(13.342·103)*
(3.84-4.9)106
(0.49·107)*
1.71· 106
2.745· 10
6 0.235· 109
Modelling, analysis, computing, application and implementation result of the presented passive control 
device will be shown in following sections. 
3. Modeling building system with pure frictional aseismic control device   
Sliding phase for the pure friction aseismic control device is presented as following 
0 ( ) 0u t     (4) 
1,
( ) ( )t g i i s
i n
m u t m u t F
 
 t¦    (5) 
The equations governing the motion of an isolated n-story flexible shear type structure under earthquake 
acceleration   ( )gu t are expressed as 
0[ ]{ } [ ]{ } [ ]{ } [ ]{1}( )gm u c u k u m u u                          (6) 
0 0 0 1 1 1 1 0sgn( )s gm u F u c u k u m u                         (7) 
Where [m],[c],[k] and {u}=(u1 u2 … un)
T are the mass, damping, stiffness matrices and the displacement 
vector of the super structure relative to base mass(m0) ; c1, k1 are   the damping and stiffness of the first-storey, 
respectively;  mt    is total mass on the device; gu    is the horizontal base acceleration; sgn[ ( )]u t indicates
the sign according to the direction of velocity 0( )u  of the device; g is acceleration of gravity; Fs= µmtg  is the 
limit value of the friction force at the aseismic control device; µ is the Coulomb friction coefficient and 
expressed by e quations: 
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(8, 9) 
Materials 
Module of 
Elasticity (N/m2)
Poisson
Ratio
Density
(N/m3)
Compressive 
Strength (N/m2)
Tensile
Strength 
(N/m2)
Shear Strength 
(N/m2)
Concrete (C30) 0.32· 1011 0.2 0.22· 105 0.3· 108 0.19· 107 0.27· 108
Reinforced 
Concrete 
0.38· 1011 0.25 0.24· 105 0.76 ·108 0.76· 107 0.304·108
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Where 0,limu is the limit velocity in order to avoid singularity at the point of 0 0u   ; ,s dP P  and U are
the static, dynamic frictional coefficients and exponential damping coefficient respectively. The ,s dP P , U
parameters are identified from the following target function ( fP ) by slowdown Newton method of 
minimization: 
                                                                                                                            (10)
Were *ju  ( 1,j n )   is the observed response of the cart’s mass 0m relative to the shaking table at the time 
of t j t ' ; ju  ( 1,j n )   is the response of the cart’s mass  under excitation of the shaking table 
acceleration 0m  an it is obtained as solution following equation of motion by the Hilber-Hughes-Taylor  
direct integration algorithm : 
         0 0 0 0sgn( ) gm u u m g m uP                                                                                                       (11) 
For stainless steel- stainless steel interface mentioned parameters in the rang  0 .1 7 0 .2 1sP   ;
0 .0 9 6 .0 1 5 3U   ; 0 .1 1 0 .1 6dP   ; 0 .1 0 .2P   (Tacibana at all, 2006). For the steel base plate 
and mortar base interface 0 .7 8P  ( McCormick at al, 2009). For coarse dry send interface 0.36P  
(Ahmet at all , 2009). For stone and timber column 0 .3 8P   (Mukaiba at all, 2011). 
In parallel to conventional discontinuous model (Eq. 6-7) hysteretic-continuous model using Wen equation 
the frictional force uF mobilized the sliding control device is expressed by 
u sF F z                                                                                                                                                    (12) 
Where z is the dimensionless hysteretic component satisfying the following nonlinear first-order 
differential equation 
1| || | | |n no o oqz Au u z z u zE W
                                                                                                      (13) 
Where q is the displacement quantity representing the yield displacement of frictional force loop; the 
parameters , , ,A nE W  control the shape of the loop and to provide a rigid-plastic behavior (typical Coulomb 
frictional behavior). For the continuous-hysteretic model (Eq. 12, 13) the incremental hysteretic displacement 
for each time step are obtained by solving the first order differential equation (13)  by a forth-order Runge-
Kutta method.   
 4. Numerical study aseismic passive control device 
   
Presented in section 2 and modelled in section 3 aseismic passive control device was investigated by 
Hilber-Hughes-Taylor direct integration algorithm(for discontinuous model), also by using Runge-Kutta a 
forth-order solver in MATLAB-SIMULINK environment(for continuous model); Another hand for asses 
nonlinear performance friction sliding interface and sliding composite plates stress-strain state  also 3D 
modeling and analysis was performed by finite element computer  code   uses of ANSYS software [ANSYS]. 
Two steps reinforced plates and mortar part between it are modelled by solid (reinforced solid 65 and 
structural solid 45) elements.    Between every two storey steps and mat foundation that form two sliding 
surfaces using Horasan mortar formed contact elements (conta174 and targe170). Contact problems are highly 
* 2
1,
( )j j
j n
f u uP
 
 ¦
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nonlinear and require significant computer resources to solve. In presented problem from the supported five 
contact models by the modelling software, surface-to-surface contact model are used. Finite element model of 
the system was excited by the Duzce earthquake with parameters presented in Table 1.  
Analysis of the modelled system take 6 hour 5 minutes on PC (with 32-bit Windows Vista Home 
Premium operating system,4GB RAM, Processor Intel (R) Core (TM) 2 Duo CPU P8700@ 2.53 GHz 2.53 
GHz).For this reason unusable more little grid interval. Result of analysis is partly presented below  
Table 4. Displacement and acceleration ranges   of the aseismic control device with two sliding surfaces  
Parts of the               aseismic 
control device  
Displacement rang (m)  
Acceleration rang (m/s^2)  
Second storey step 0.042463-  0.037745) 1.0503 – 1.5754 
First storey step 0.018871 - 0.009434) 1.5754 - 2.1005 
Mat Foundation 0.004715 - 0.350·10-5 5.2513 
Figure 1. Von Mises stress                                                                              Figure 2. Normal (in Z direction) stresses 
Presented aseismic control device in the earthquake action direction to take 0.05-0.07 m total average 
displacement and maximum acceleration responses are reduced in average 61-79%.  As seen obtained stress 
ranges of the appropriated materials of the aseismic control device are around ultimate values. 
5. Conclusion 
In this study one of the very important earthquake action phenomenon- restoring force mechanisms was 
found out (Eq. 1-3), proved and was used for building aseismic control device (with no restoring mechanism) 
for aseismic protection structures. Proposed    aseismic control device in the earthquake action direction to 
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take 0.05-0.07 m total average displacement and maximum acceleration responses are reduced in average 61-
79%.    
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